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The distnbution of three tochostrongyloid nemislodes, Nipposirongylus meagmes (Maswson, 1961), Odilia bainae
Beverdee & Doreiic-Dessel 1992 gnd Faraastrostromg vl it Dbeadort, 1979 in the small intestine of bush
rals, Rerrgs fieseraes, was mvestigated  Baeh of these species exhibited g significanily differni tongiwdinal disoribution
witlun the siall aesione Interictinns berween the three species, wentified by compansons of the Tundimental
and reslised oveeugrs innematode distiibulions, were the probahle cause of the difterences in distribution between
species. Phe ditferent distributions. which are bere interprated ay niches, ocoupied hy the nemwnde species ure
constsient with the bypotbeses (hal & paae wis probably o parasite ol hydromyine rodents which filled @ vaceynt
piche when o satched e & frescipes as o host, while Pora probably oceupied another vacint niche when
i swatened o Ko grserpes fram aneurgmal marsamal host.

By Worns, Paasite, eonlowy, mehe, Trichostrongylonden, Raffus . interaction

Inteoduction

One mode by which parasile evolulion may occur
15 *host switeching™ (Chabaud 1965). This tnvolves a
break-dawn in host specilicity allowing the transler
ol parasite Trom s usual host tooan uneelated lost
species necupying the same environment. The new host
may be nfected through the skin by free-living swges
ab the parasite or may ingest the infective form ol the
parasite-with its food (Chabaud 1965). The mechanism
of host switching appears to be common among
parasite nentodes (Chabaud 1982) and (4 based on
the assumption that the invading nematode parasite is
aeeupying o previously vacant niche within the new
host. I the case of imtestinal parusites this is usually
defined as a restricted longitudinal o radial distribution
within (he gul of the host (Schad 1963). Host switching
within the nematode superfamily Trichostrongyloidea
is well docurnented (Durette-Desset 1985), yet few
studies huve examined whether the invading nematode
actially occupies d separate or previously -vacant niche.

The Inchostrongyloid nematode parasiles of the
nanive hush rat, Rarras fuscipes, oller the npportunity
w examine such an hypothesis. At one locality in
Vietoria (Blackwood) Obendart (1979) found thar /.
fuycipey wus parasitised by three  species of
trichostrongyloids, the heligmosomes Nippastrongvius
gy (Mawson, 1961y and C&ilia bainae Beveridge
& Duretle-Pessel. 1992 and (he herpetostrongylid
Paraustrostrongyiuy vacti Obendorl, 1979 (Obendor(
1979 Beveridge & Purette-Desset 1992 ah, 1993). 2
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Limivérsity  of

ratil belongs to a genus which otherwise oceurs
exclusively in mursupiuls and which presumibly has
switched to its current eutherian host {Obendorf 1979),
Tr iy considered (Obendo [ 1979) 10 be ane of only twao
examples of trichostrongyloid nematodes switching
[rom marsupialy W native rodents, the otlier belng
Woolleva hydromyos in Lhe water tal, Hydromvs ehryso-
gaster (see Mawson 1961, 1973). O, bainae belongs
it penus which is parasitic pemarily m hydromyine
rodents and species of the genus were considered by
Durette-Desset (19835) 1 have switched secondarily to
murine rodents such as K. fuscipes. Onily Nippo-
strongyles magnys can be considered an original
parasite of this murine rndent (Beveridge & Durette-
Desset 1992a).

The current study was therefore updertaken to
detetmine the ecological niches occupied by N,
magnus, O. bainae and P orafli within the small
intestine of R fiscipes and to examine (he extent of
overlap between them to establish whether or not each
nocupies g distinctive intestinal niche.

Malterials and Methods

Ten bush rats. Raruys fuscipes. were trapped frong
along the banks of the Lerderderg River, Blackwood,
Victoria, Australia (37° 29" 8, 144° 19" E) vsing
collapsible aluminmung traps baited with peanut buter.
Immediately following euthanasit wilh chloroform, the
small intestine was removed and divided into sixleen
equal parts. The total length of the small intestine was
meusured . Gut segments were incubated i saline ar
A7°C for at least 2 hours and all nemarodes which
emerged from the mucosa were fixed in hot 70%
cthanol betore heing counted. P ranl was distinguished



144 L. F SKERRATT, |. BEVERIDGE & M - OURETTE-DEASET

from other species based on the deseripiint of
Obendorl (1979) using a stereomicroscope, whereas M
magms and O, bainae were differentiated usipg the
Ueseriphions of Bevenidge & Durefte-Desset (1992 4 b)
and 4 compound micrascope following clearing
lactophenol. The rats were also routinely examined for
other helminth parasites,

The number of ecach species of nematodes in
inchvidual sections of the small intesfine was converted
to y percentage of the total number of each species
present. For cuch species, the positions of the anterior,
median and posterior nematodes were defermined
using the method of Bush & Holmes (1986), such (il
the section number in which nematodes ovcurred was
converted o a percentage of the wtl length of the sl
ntestine. It was assumed that nematodes  were
uniformly distributed within each section.

Ditferences - distribution between specics were
tested statstically vsing values calculated from e 2 %
5 contingency tuble (species x sector of intestine) or
each species pair. Sections 3 o 16 of rthe niesting,
where very few nematodes were fuund, were copnblned
o form a single cell in the table,

The extent of niche overlap between the three species
wils determined usimg the equation

Cuy = 1 — L (EIPxj - Pyil)
where (Hurlherl 1978)

Pxi-%cti : Pyi-,{_;

such that Pxi and Pyi are the proporuons of (wo
species, % and v, in different segments of the intestine

This equation was used to caleulate the “fundaniental
overlap” belween species puirs, which 15 1he extent of
overlap (Cxy) in the mean disoibutions of the two
nematode species and the “realised overlap™ which s
ubtained by determining the extent of overlap (Cxy)
between two nematode species in andividual rats and
then computing the average of the individual overlaps

Differences between fundamental and realised
overlaps. that is when the realised overlap was substan-
fally less than the fundamental overlap, were used 1o
infer the presence of competition hetween nematode
species.

Seven labaratory rats, R norvegicus, were infected
either subcutaneously or orally with 200 - 200 mfecuve

Tavre L Posivon of mean antertor. thedtun and posiceoe
individuals (£ standard ervvir of rmedr) of Nippostrongy s
mugnus, Odilia bainae and Paraustrostrangylus malll as
perceniage distances along the small intesiine 1t ten panrlly
infected bush rars, Rarnus fuscipes.

Anlerior Median Posterior
N.magnus 101 20.64 1314+ 484 5663+10,17
O, bainae  2.17+084 18231+3.07 4840+ 6,47
P orani 322+1.62 1906+2.25 4940+ 447

lervae ol N snasius ar €2 hairige (Table 3), The
infeerives larvie were abtaped by cullarng o misture
ol Faeces Trom naturally jolected rals with achivaled
charcoal on momst Tilter paper and recovering developed
larvae by sedimentiion in waler. Laevar  weke
sepurated on the busie of morphological differences
(shape of the tol) Wentifiable using & sterecmicrosepn
funpublished observatipns). Infected rais were Killel
with chloroform 14 davs after infeetion and the
distribunon of oematodes in the small inreseine
determined in d similar tashion to that deseribed ghove
Expoerimental wtections with P ormdli vig oral,
subcutancous  aml  perculaneons moules  were
nnsuccesshil

Results

Nematads disrvhptions i wild ras

N magnus oecoareed in 100% o the wild hush rars
exarnined, with & meun imtensity of 67 and 4 range of
L-183, € Bamuae was preseat in 100% of wild rats
exarmined. with a meun inlensity of 64 and o range nf
1173 B pid wis present im0 % of wild ruts examined
with @ medn imensaty of 171 and o range of 11094
(Tanle 4)

Otlier parssiles [ound in the en onatdrally nleeted
Push nats were very small numbers of Capillaria sp,
{Nemalodu) in the [irst segment of the sniall intestine
and  Cupellaris gavirica (Buaylis, 1926) within the
seuamious epithelium of the Siovach in five rats. There
was 10 pathological reaction (o adult Capilluria or epes
wittin the squamous epilhelium, Hewerakis spumosa
(Schneider. 1866) was found o the Farge intestine of
gight mats. The cestodes Choanadenie  redtticold
(Sandurs, 1957), Hvmenoleprs diminura (Rudolphi,
[819) and Berrivlla unapolvina Baylis, 1934 were found
in the smiall intestine 0 raiticola inhihiled the opening:
of the bile duet. causing hyperplasia of the tnle duct
epibelium . &, diminute and B anapolytied were found
in segments 412 und 516 respectively. However, K
dimtruta was distributed anteriorly o 8o anapiolyricg
when bath species aceuried in rats.

N, gy occdrred muinly (694%) in the anleriar

wo segments of the smadl inesane in paturdly mfected

Fath. with taximium intensity in the Girst segment, and
its numbers declined progressively in the remaining
sectiony (Fig 1) The majority of O hainae (82 %)
inhabited the five maost anterior segments in naturally
infecled bush rals with a maximum nensily (30%)
in the secomd seement (Fig. 1), The majority of & raiii
(877 were distribuled throughout the five anterior
segments 0f the smadl oestine in naturally infected
rts (Fige 1) with masimum mtensity neeurreing i
segments | Small intestine lengths ranged trom
S6-07 cm (mean 71 em) and henee the averape lengfh
of each segment was 4.5 ¢,
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Nippostrongylus mugms

[rainac

Odilia

‘Mean percentage of nematodes in each section

Sectlon of small intestine

Fig. | Dustribution (mean percentage = standard eror |error
bars]y of Nippostrongyluy mognus, Odilia bainae and
Paraustrostrongyluy ralti in esch segment (sisweenths) of
the small intestine of ten naturally infected bush rats, Refis
feseipes

N. magnus, O. bainae and P rarj were sequentially
distributed along the small ntestine of naturally
infected bush rats but differed in the positions of (heir
mean anterior. posterior and median individuals (Table
1). The mean anterior and median individuals of N,
magnus were anterior to those ol Q. hainae which were

Tante 2.0 Fundemental and  realised  overlap heiween

145

more antenior o those Poratti. However, the meun
posterior individual of N. megnis was posterior 1o hoth
Q. bainae and P rani. This was due o N, magniy
inhabiting the posterior quarter of the small inestine
in two rats, whereas O, baiae and P orati were not
found in this segment. The distributions of the three
nematode species were significantly ditferent. Chi-
squared values obtained for pair-wise comparisons
were N magnuys - Q. bainae, i = 77.5 (p<0.001).
O. bainae - P ratri, xi 909 (p<0001), N
tmagnis - Poraii, v = 185 (p<0001). There wils
no correlation between niean positions of nemalodes
with intensity of inlection. except in the case of the
posterior position of O, bainae (v 068 p =
0.004).

The varialion in numbers ol (richostrongyloid
nemalodes in each segiment of the intestine of naturally
infected bush rats was large (Table 4), with the standard
deviation equal o or greater than the mesn (sce
standard error bars in Fig. 1). Despite this variation,
the difference in distribulion was greater in individul
rats (1- realised overlap) than the difference in their
mean distributions (- fundamental overlap). The
realised overlap was lower than the fundamental
overlap in 25 ol 28 species interactions, The mean
realised overlap between N. magnus and P ratli wis
lower thun the overlap between N. magnus and O
bainae and between O. hainae and P ratti (Table 2).
The total numbers of each species of nematode in
individual rats and the reulised overlaps in natural
infections varied between individuals but the two
purameters were independent of one another (1<
0.3). Capillaria sp. occurred in such low numbers that

niches of Nippostrongylus magnus, Odilia bainae  ang

Paraustrostrongylus ratu i the small intestine of ten naturally infected bush raty, Rattus luscipes.

No. of Tals infected

Nematode species . C
with both species

pair

Realised overla

Fundamental overlap T
(= standard deviation)

N magnus - Q. hainae 10
N. magnus — P. ratti 9
0. bainae - P. ratli 9

0.68 055 20,14
0,61 0.40 £0.27
0.82 0.55 £0.23

TasLE 3. Percentage of Nippostrongylus magnus and Odili

a bainae vccurring in 16 segments of the small intestine of

lahoratory reared Rattus norvegicus following oral or percutaneous infection with third stage larvae
£ : 5 £

Segment no. of intestine

Mean percentage of nematodes in segment
(£ standard crror)

Nippuostrongylis magnus

Odilia banae

No. of rats 4 3
1 LIRS A Ol0£58
2 2322 T0+6.7
3 Z.N<k2.B 23223
4 M0 +6M 0
5 16 ) i
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Vil b d Nuenbseev of memutodes, Nippostrongylus magus. Odilia bainae apd Paraustrosicongylus rallc in sections (/61 of
the small ivesting of e natarally pifected bush rars, Rallug fuscipes,

Rt number

.'i\-yl!wn 1 2 3 4 5 & 7 5 o )
)

inleshine —a s
[ 1450 0.0.1 2.0.1 50,1 ng 3.037 422230 42732 A7) 49,4238,
2 [ 00 0.8 G180 19,3,5 0,16,0 8,326 43136 9,11, 307,08 4,16 360
i 20,0 26,2 190 332 336,2 0.9.6 49235 W03 13,7, 11.2,20¢
4 230 11,2 70 52,13 0.12,0 L2 47,56 7218 31206 0.5.133
bl 02,0 0.0.0 6.1,0 55,18 0,131 0.0 31216 ) 11034 4276
5] 0,10 0,01 0.0.0 244 24,0 06,1 0,122 0,14 1,17,10 4,3,
7 04,0 00,0 0,00 10,318 0,10 0,7.0 00,7 05,1 030,11 20,15
5 0,0,0 0,0,0 00,0 21,4 250 0,12 0,15 0.1,1 6.25.2 102
0 1,00 00,0 (00,0 212 220 0,00 0,01 0401 1313, 0,04
10 0.0.0 0,00 0000 10 L 0.0 0.041 00 12,101 0,00
I 00,0 00,0 0.0 1Nl R 0,00 0,00 0,0,0 12,13,1 0,00
12 0.00 000 0,00 10,1 [,1,0 0,00 000 0o 12,130 000
13 10,0 00,0 0,00 10,0,0 0,0.0 0,010 0,0, 00,0 (0,00 00,0
|4 n 0,0 10,0 00,0 9.0 0.0,0 0.0.0 0,00 0H.00 10,0.0 0,04
15 0.0,0 0.0.0 0,00 9.0,0 0,0.0 0.04 0.0, 0.0,0 a,0,0 0,00
6 0.0.0 nan (L0,0 .00 000 0,00 0,00 10,0 9.0,0 0,00

Total 20010 (L1614 18.36,) 962270 431033 147784 5793078 499.60.42 |¥3.173,146 125321044

its pusaible interactions wath the trichosirongyloid
nenptodes were not considered,

Newnaieede disteibutions in experinmenially infecied was

N magnus oceurred pnmarily an [he anterior
segmien) ol experimentally infected luboratory raws, with
a relatively smull population of nematodes established
in segments 2 o 4 (Table 3). Similarly, O, buinue
became established primarily in the first segment of
the miesiine, wufh small numbers ol nermitodes present
in segrments 2 to A The mean intensity of inlection was
10 tor V. magnus and 14 for € batinae.

Discussion

The significantly distinet sequential distnbutions of
the three species of frichostrongyloid nematode along
the small inrestine 0 natural infections and
expenimental micetions suggest that each species
oceupies i distinet niche.  Furthermore, the
fundamental overlaps in natural infechoms between (he
species pairs . magnuy - O. bainae (68%) and N,
magnus - P orani (61% ) were lower than the 70% valuc
suggested by several authors (Pianka e al. 1979:
Holmes & Price 19802 Bull eral. 1989) to indicate the
canstence ol ecologically relevant differences. Only the
fundamental overlap between the species pair. ()
bafnae - P orvani (R2%) was gredter than 709
However, the mean realised overlup (55%) between
these two species was substannially less than 70%.
imdicatng that these two species interact (o separate
their niches in individoal ras. The distoibution of 4
bamae in experimental infections (Table 3) differed
when compared with nataral infections (Fig. 1) in thar
in monospecifie infections it occurred in the mist
anterior segment of the duodentm and (his may be due
I Ihe absence of competition from N, magnuy or &

rarti. However, other contributing factors may have
been (he different species of host, the sialler saniple
§17€ in experimemal irndfections or the smaller numbe ey
of O bainae in experimental infections.

These ubservations suggest that the  neoitode
community in B, fuscipes 1s an interactive one. Holmies
and Price (1986) sepantted communities of parasiies
ko two categories, 1solatipmist and mferactive, based
on their infrapopulations. that is, populabions 1
mdividual hosts. They suggested that an ineractive
community has no vacant miches, parasiles are mot
distributed independently and realised distributions of
parasiles are dependent on other guild members. Solne
of these features are present in the case ol lhe
trichostrongyloid nematode parasites of the bush rar,
since the realised overlap was less than the fundamentil
overlap in most interactions in natural imfechions.

However, (he small infestine of the bush rat docs
appear (0 have vacant npiches in natural infections
despite the above evidence for an intetactive
community Although host immurity may reduce the
size of apparent vacant nichies (Noble er al. 1989) and
low (ransmission mles oy prevent parisites filing ol
avilahle niches (Price 1980), the distribution ol the
trichostrongylowds in indryvidual rats wis independent

of nematode numbers. Thus, assuming vacant niches

vecur. the trichostrongyloids of the bush rut also
demonstrite one feature of an isolationist communily
(Holmes &  Price 1986). The “population
concentration” and “individual response™ hypotheses
both explamn why the species N. nragnus, O, batpae
and P pary should occupy distinet niches even when
additional vacant niches are available (Holmes & Price
1986) . The “population concentration™ hypothesis hay
twWo components. that narrow niche oceupation is
essentidl for the maintenance of intraspecihic confact
for mating purposes (Rohde 1979, 1982) and that the
oceupabion ol diserele mches 15 amportant as
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reprivductive  solating  mechanism  preventing
hvbridization (Sogandares-Bernal 19549 Mantin 19691,
The “individual response”™ hypothesis (Price 1984)
argues that parasites udupt w the environment they
ithabit and consequently [ nirmow niches.

The distribution and overlap of trichostrongylod
nematodes inindividuonl bush raly vary greatly from
the means but are independent of nemalode numbers
excepan the case of the postenor extent of €0 buinde
i the imestine. The wvarrability in 1hese
tntracommunities miay be due (o the binlogical features
of the nematodes and their interactions with one
another bul may also be caused by vanability in the
characieristics ol the host which influence parasite
infraenmmunities such as host diet (Croll 1976) and
Blood supply (Croll & My 1977), The pon-specific host
response. pathological responses and acquired immune
respotises of the host miay also intfluence the distribunon
Al parasites.

The three tichostrongyloid nematodle specics found
in R fiscipes have different biogeographical origins.
The penus Nipposirengyluy vocurs primarily in Ratrees
sppein south-east Asia and in other rodents in Asia
and e Middle-Fast. with a single species i
dermopterans (Beveridge & Durette-Desset 1992a)
Snee the endemic species of Ralrgy in Ausiialix
probably reached the conhinent Irom south-cast Asiz
(Was & Aslin 19810, it is likely thar Nipposirong vis
reached Australia with them and that subsequent co-
specuition led Lo the evolution of N. magnus in R.
fiseipes (see Beveridge & Durette-Desset 19924). The
genus COdiliee vecurs pomarily an hydrogwine or "old
endernic” rodents in Australia, principally in the genera
Melomys und lromyy. Species occurring i Rarne spp.
have been interpreted as transfers from “old endentic”
fodents, which probably cvolved between 5 and 13
million yeurs ago, © the “new endenic” Rarius spp.
which have been presenl on the continent for about
Loadhon yeurs (Waus & Aslin 1981). Species of
Puranstrastrongvluy becur in possums (Phalangeridice.
Petaoridae,  Burramyidae) and  rat kangaroos
(Potoroidae) (Spratk ef wf, 19491), with u single species,
P v a rodent . The trunsfer of Puraustrastrong vy,
and probubly Odilia, iy therefore presumed o be of
recent origin (less than | million years),

Huolmes (1973) supgested that stable communimies are

older thap mieractive ones and sinee mMost parasie
communities dar¢ stable, he concluded thul they ure
relatively old, The interactive component ol the
tnchostrongylowd infrucommunity in bush 7t sugpesis
that 1t 1s a comparatively yvoung community. This 1s
consistent with the hypothesis that £ rani and possibly
alse O, bainae sre recent invaders. Following thir
invasion of R fuscipes. Poratn and O bainae have
occupied distinctive michey within the new  hosi
possihly  due w isolationist forees andfor  their
interactions with the other trichostrongy loid netmade
species present in the small intestine. It 1 possible thay
P raifi colonised i previously vacant michie at the Lime
ol switching since N. magnas and O bainae do nol
accupy this niche even when £ raifi 1s uhsem

The tther parasies lound in the small intestines ol
bush rats appear W occupy completely difterent niches
from those inhahited by the (nichostrongy lod
nematodes or w oceur at g very low inlensily and
prevalence (Capilfaria sp.) and therefore were not
considered in the imteracrions of the trichostrongyloid
comthunily in the present study. The distributions of
H. diminuta and B. anapalytica overlapped, Howeyer,
the o species were never found inthe same segrent
of the small inwestine although only two s were
infected with both species. Because of interactions
which miy occur between thetin, they may occupy
sepirale niches (Holmes 19733, A larger simnple of ats
would be needed 1o examine the exient of interaction
between their cestode parasites.
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